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Description 

METHOD FOR FABRICATING A VERTICAL 
BIPOLAR JUNCTION TRANSISTOR 

Background of Invention 

[0001] bk2E001200303263OLE_LINKll. Field of the Inven- 

tionbk2E001200303263 The present invention relates to a 
method for fabricating a vertical bipolar junction transis- 
tor, and more particularly, to a method for forming a con- 
tact region of a vertical bipolar junction transistor by a 
self-aligned silicidation process (salicide). 

[0002] bk2E0012003032642. Description of the Prior 

Artbk2E001200303264 Bipolar junction transistors are 
important elements of a semiconductor. In general, there 
are two types of bipolar junction transistors: a lateral 
bipolar junction transistor and a vertical bipolar junction 
transistor. 

[0003] FIG. 1 shows a method for fabricating a vertical bipolar 
junction transistor according to the prior art. Referring to 
FIG.l, a vertical bipolar transistor is shown on a semicon- 



ductor wafer 100 having a P-type substrate 110. An N- 
type buried layer 113 is formed on an upper portion of 
the P-type substrate 110. A P-type epitaxial layer 115 
functioning as a collector region of the vertical bipolar 
junction transistor has been grown on the P-type sub- 
strate 110 having the N-type buried layer 113. At least 
one N-type sink 116 is formed in the epitaxial layer 115 
from the top surface of the epitaxial layer 115 to N-type 
buried layer 113 so that the N-type sink 116 can separate 
the elements of the vertical bipolar transistor in the hori- 
zontal direction by defining a P-type well 117 in the epi- 
taxial layer 115. A base mask 119 is formed with an 
opening 121 to expose a portion of the P-type well 117 in 
the epitaxial layer 115 for defining a base pattern of the 
vertical bipolar junction transistor. 
[0004] The epitaxial layer 115 has a P-type collector enhance- 
ment region 123 formed by implanting impurities above 
the N-type buried layer 113 through the opening 121 and 
an N-type base region 125 is formed by implanting impu- 
rities above theP-type collector enhancement region 123 
through the opening 121. Then, a polysilicon emitter con- 
tact region 127 is formed on the surface of the N-type 
base region 125.A P-type emitter region 129 is formed 



below the emitter contact region 127 and in an upper 
portion of the surface of the N-type base region 125. Fur- 
thermore, an N-type base contact region 131 is formed in 
an upper portion of the surface of the N-type base region 
125. A plurality of collector contact regions 133 and 134 
are formed in upper portions of the surface of the P-type 
well llZexcept the portion where the base region 125 is 
formed. 

[0005] However, the epitaxial layer of the vertical bipolar junction 
transistor used for the collector region according to the 
prior art is normally a thin epitaxial layer 115. In the prior 
art method for fabricating a vertical bipolar junction tran- 
sistor, it is necessary to perform many doping processes 
and thermal processes through the opening 121 in order 
to cause the multi-lever structures including the collector 
enhancement region 123, the base region 125, the emit- 
ter region 129, the base contact region 131, and so on 
formed respectively in the epitaxial layer 115. Thus, pre- 
cisely controlling the position of the multi-lever structures 
such as the collector enhancement region 13, the base re- 
gion 125, the emitter region 129, the base contact re- 
gionl31, and so on in the epitaxial layer 115 having lim- 
ited width and depth is difficult. Furthermore, precisely 



controlling the concentration of implanted impurities in 
the above-mentioned multi-lever structures is also diffi- 
cult after many thermal processes so that the electrical 
performance of the vertical bipolar junction transistor is 

greatly affected. 
Summary of Invention 

[0006] It is therefore a primary object of the claimed invention to 
provide a method for fabricating a vertical bipolar junction 
transistor to simplify the process effectively and ensure 
high-precision control over the position of each element 
in the transistor. 

[0007] According to the claimed invention, a first doping region 
of a first conductivity type, a second doping region of a 
second conductivity type, and a plurality of isolated struc- 
tures positioned on surfaces of the first doping region and 
the second doping region are formed on a substrate of a 
semiconductor wafer. A third doping region of the first 
conductivity type is formed in an upper portion of the 
second doping region. Next, a shielding layer is formed. A 
portion of the shielding layer is then removed to form an 
opening within the shielding layer to expose a portion of 
the third doping region. Subsequently, a doping layer of 
the second conductivity type is formed on a surface of the 



third doping region. A self-aligned silicidation process is 
performed to form a silicide layer on the surfaces of the 
second doping region, the third doping region, and the 
doping layer. The silicide layer functions as at least one 
contact region of a vertical bipolar Junction transistor. 

[0008] The present invention defines the position of the third 
doping region (the base) of the vertical bipolar junction 
transistor by the isolated structures, the position of the 
emitter of the vertical bipolar junction transistor by form- 
ing the doping layer on the surface of the substrate, and 
the position of the contact region of vertical bipolar junc- 
tion transistor by a self-aligned silicidation process. 

[0009] It is an advantage of the claimed invention that the posi- 
tion of each element in the transistor and the concentra- 
tion of implanted impurities can be precisely controlled, 
effectively simplifying the manufacturing process, and im- 
proving the electrical performance of the element. 

[0010] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment, which is illustrated in the multiple 

figures and drawings. 
Brief Description of Drawings 



[0011] FIG. 1 shows the method for fabricating a vertical bipolar 
junction transistor according to the prior art. 

[0012] FIG. 2 to FIG. 5 show method schematics according to the 
first embodiment of the present invention. 

[0013] FIG. 6 shows a top view of the metal contact region ac- 
cording to a first embodiment of the present invention. 

[0014] FIG. 7 to FIG. 11 show method schematics according to a 
second embodiment of the present invention. 

[0015] FIG. 12 to FIG. 16 show method schematics according to a 
third embodiment of the present invention. 

[0016] FIG. 17 shows a top view of the metal contact region ac- 
cording to the third embodiment of the present invention. 
Detailed Description 

[0017] FIG. 2 to FIG. 5 show method schematics according to a 

first embodiment of the present invention. With reference 
to FIG. 2 to FIG. 5, a semiconductor wafer 200 having a 
substrate 212 is provided. A first doping region 214 of a 
first conductivity type, a second doping region 216 of a 
second conductivity type, and a plurality of isolated struc- 
tures 218 positioned on surfaces of the first doping re- 
gion 214 and the second doping region 216 are formed 
on the substrate 212. The first conductivity type could be 
a P-type and the second conductivity type could be an N- 



type. However, the present invention is not limited in this 
way. The first conductivity type also could be an N-type 
and second conductivity type also could be a P-type. The 
second doping region 216 is used for defining the posi- 
tion of the collector of the bipolar junction transistor. The 
second doping region 216 is surrounded by the first dop- 
ing region 214 to isolate the second doping region 216 
and to avoid ions diffusing horizontally into other electri- 
cal elements. Isolated structures 218 could be formed by 
shallow trench isolation (STI) or by local oxidation of sili- 
con (LOCOS). The isolated structures 218 defines at least 
one predetermined region on the surface of the second 
doping region 216 for a base of the bipolar junction tran- 
sistor. 

[0018] Next, an ion implantation process is performed to form a 
third doping region 220 of the first conductivity type in an 
upper portion of the second doping region 216 to form 
the base of the bipolar junction transistor. According to 
the electrical requests of the manufacture or the doping 
concentration requests of the manufacture for the im- 
planted impurities, the ion implantation process for form- 
ing the third doping region 220 could choose to implant 
the impurities with a source /drain of the CMOS process. 



For example, when the transistor needs to tolerate a 
higher voltage, the ion implantation process for forming 
the third doping region 220 could simultaneously implant 
the impurities with a process for forming a lightly doped 
drain (LDD) and a source/drain of the CMOS on the semi- 
conductor wafer 200. The ion implantation process for 
forming the third doping region 220 also could simulta- 
neously implant the impurities with a process for Just 
forming a lightly doped drain (LDD) of the CMOS on the 
semiconductor wafer 200. Thus, the vertical bipolar junc- 
tion transistor of the present invention would have a nar- 
rower base width and a better unity-gain frequency (Ft). 
The present invention also could perform a mask process 
to form the third doping region 220, and use a specific 
concentration of the implanted impurities to perform an 
ion implantation process. Therefore, the bipolar junction 
transistor could provide a different breakdown voltage to 
optimize the electrical performance. 
[0019] A shielding layer 222 could be then formed on the surface 
of the semiconductor wafer 200. The shield layer 222 
could consist substantially of oxide and/or silicon nitride, 
and/or other dielectric materials in order to protect the 
CMOS transistor or other elements on the semiconductor 



wafer 200. 

[0020] Next, as shown in FIG. 3, an opening 224 can be formed 
within the shielding layer 222 to expose a portion of the 
third doping region 220. As shown in FIG. 4, a doping 
layer 226 of the second conductivity type can be formed 
on a surface of the third doping region 220. The portion 
of the shielding layer 222 is removed. The doping layer 
226 is used for the emitter of the bipolar junction transis- 
tor. The doping layer 226 would be made from epitaxy, 
amorphous silicon, or polysilicon. In this embodiment of 
the present invention it is suggested that the doping layer 
226 can further include a heavy doping of the second 
conductivity type to reduce the resistance of the doping 
layer. 

[0021] When the transistor of the first embodiment of the present 
invention is a PNP transistor, the process for forming the 
emitter 226 could be combined with a process for forming 
a base of another NPN transistor on the semiconductor 
wafer 200. This means that performing a same P-type im- 
plantation process reduces the resistance of both. A pho- 
tolithography process and an etching process are then 
performed to simultaneously define the patterns of the 
emitter 226 of the PNP transistor and the base of the 



other NPN transistor. Obviously, when the transistor of 
this embodiment of the present invention is an NPN tran- 
sistor, the process for forming the emitter 226 could be 
combined with a process for forming a base of another 
PNP transistor on the semiconductor wafer 200. This 
means that performing a same N-type implantation pro- 
cess reduces the resistance of both. A photolithography 
process and an etching process are then performed to si- 
multaneously define the patterns of the emitter 226 of the 
NPN transistor and the base of the other PNP transistor. 

[0022] Also as shown in FIG. 4, a spacer 228 can be formed on 

the surface of the side of the doping layer 226. The spacer 
228 is mainly used to protect a portion of the surface of 
the doping layer 226 in order to avoid a short in the tran- 
sistor made by any unnecessary contact region in the 
doping layer 226 formed by the following self-aligned 
silicidation process. 

[0023] As shown in FIG. 5, a self-aligned silicidation process can 
be utilized to form a silicide layer including 230a on the 
surfaces of the doping layer 226 and 230b (230b is shown 
in Fig. 6), 230c on the surfaces of the second doping re- 
gion 216, and 230d on the surfaces of the first doping re- 
gion 214. The silicide layer functions as contact regions of 



the vertical bipolar junction transistor. FIG. 6 shows a top 
view of the metal contact region according to the first em- 
bodiment of the present invention. As shown in FIG. 6, the 
self-aligned silicidation process forms the emitter contact 
region 230a, the base contact region 230b, the collector 
contact region 230c, and the contact region for other 
electrical demands as the contact region 230d on the sur- 
face of the first doping region 214 of the vertical bipolar 
junction transistor. 
[0024] FIG. 7 to FIG. 11 show the method schematics according to 
a second embodiment of the present invention. With ref- 
erence to FIG. 7 to FIG. 11, a semiconductor wafer 400 
having a substrate 412 is provided. Then, a first doping 
region 414 of a first conductivity type, a second doping 
region 416 of a second conductivity type, and a plurality 
of isolated structures 418 positioned on surfaces of the 
first doping region 414 and the second doping region 416 
are formed. The first conductivity type could be P-type 
and the second conductivity type could be N-type. How- 
ever, the present invention is not limited in this way. The 
first conductivity type also could be N-type and the sec- 
ond conductivity type also could be P-type. The second 
doping region 416 is used for defining the position of the 



collector of the bipolar junction transistor. The second 
doping region 416 is surrounded by the first doping re- 
gion 414 to isolate the second doping region 416 and 
avoid ions diffusing horizontally into other electrical ele- 
ments. At least one heavy doping region 417 used for the 
collector enhancement region is formed on the surface of 
the second doping region 416. The isolated structures 
418 could be formed by shallow trench isolation (ST!) or 
by local oxidation of silicon (LOCOS). The isolated struc- 
tures 418 define at least one a predetermined region on 
the surface of the second doping region 416 for a base of 
the bipolar Junction transistor. 
[0025] Next, an ion implantation process is performed to form a 
third doping region 420 of the first conductivity type in an 
upper portion of the second doping region 416 for form- 
ing a base of the bipolar Junction transistor. According to 
the electrical requests of the manufacture or the doping 
concentration requests of the impurities implanted during 
manufacture, the ion implantation process for forming the 
third doping region 420 could choose to simultaneously 
implant the impurities with a source /drain of the CMOS 
process. For example, when the transistor needs to toler- 
ate a higher voltage, the ion implantation process for 



forming the third doping region 420 could simultaneously 
implant the impurities with a process for forming a lightly 
doped drain (LDD) and a source/drain of the CMOS on the 
semiconductor wafer 400. The ion implantation process 
for forming the third doping region 420 also could simul- 
taneously implant the impurities with a process for just 
forming a lightly doped drain (LDD) of the CMOS on the 
semiconductor wafer 400. Thus, the bipolar junction tran- 
sistor of the present invention would have a narrower 
base width and a better unity-gain frequency (Ft). In addi- 
tion, the present invention also could perform a mask 
process to form the third doping region 420 and use a 
specific concentration of the impurities implanted to per- 
form the ion implantation process. Therefore, the bipolar 
junction transistor could provide different breakdown 
voltages to optimize the electrical performance. 

[0026] Then, a first shielding layer 421 and a second shielding 

layer 423 are formed on the surface of the semiconductor 
wafer 400 to protect the CMOS transistor or other ele- 
ments on the semiconductor wafer 400. The first shield 
layer 421 comprises oxide, and the second shield layer 
423 comprises silicon nitride. 

[0027] Next, as shown in FIG. 8, an opening 425 is formed within 



the first shielding layer 421 and the second shielding 
layer 423 to expose a portion of the third doping region 
420. As shown in FIG. 9, a doping layer 426 of the second 
conductivity type is formed on a surface of the third dop- 
ing region 420, after a portion of the first shielding layer 
421 and the second shielding layer 423 are removed. The 
doping layer 426 is used for the emitter of the bipolar 
junction transistor. The doping layer 426 could be made 
from epitaxy/ amorphous silicon/ polysilicon. 
[0028] Next, as shown in FIG. 10, an SAB layer 427 is formed on 
the surface of the portion of the doping layer 426 and at 
least one spacer 428 is formed on the surface of the side 
of the doping layer 426. The SAB layer 427 is mainly used 
to protect a portion of the surface of the doping layer 426 
in order to avoid a following silicide layer 430 on the sur- 
face of the doping layer 426 penetrating excessively deep 
into the doping layer 426 and destroying the junction be- 
tween the doping layer 426 and the third doping region 
420, that is to say the junction between the base and the 
collector. The process for forming the SAB layer 427 is to 
deposit a thick dielectric layer firstly. Then an etch back 
process is performed to remove a portion of the dielectric 
layer except at the surface of the doping layer 426 in or- 



der to form the SAB layer 427 on the doping layer 426 and 
the spacer 428 on the surface of the side of the doping 
layer 426. 

[0029] Additionally, when the transistor of the second embodi- 
ment of the present invention is a PNP transistor, the pro- 
cess for performing the emitter 426 could be combined 
with a process for forming a base of another NPN transis- 
tor on the semiconductor wafer 400, meaning that per- 
forming a same P-type implantation process reduces the 
resistance of both. Then, a photolithography process and 
an etching process are performed to simultaneously de- 
fine the patterns of the emitter of the PNP transistor 426 
and the base of the other NPN transistor. When the tran- 
sistor of the second embodiment of the present invention 
is an NPN transistor, the process for forming the emitter 
426 could be combined with a process for performing a 
base of another PNP transistor on the semiconductor 
wafer 400, meaning that performing a same N-type im- 
plantation process reduces the resistance of both. Then, a 
photolithography process and an etching process are per- 
formed to simultaneously define the patterns of the emit- 
ter 426 of the NPN transistor and the base of the other 
PNP transistor. 



[0030] Next, as shown FIG. 11, a self-aligned silicidation process 
is utilized to form a silicide layer including 430a on the 
surfaces of the doping layer 426, 430b (not shown in 
Fig. 11), 430c on the surfaces of the heavy doping region 
417, and 430d on the surfaces of the first doping region 
214. The silicide layer functions as contact regions for the 
vertical bipolar junction transistor. 

[0031] For making the present invention clearer and easier to un- 
derstand, FIG. 12 to FIG. 16 are shown to explain a third 
embodiment of the present invention for fabricating a 
vertical PNP transistor. The sphere of action of the collec- 
tor contact region of the transistor is obviously different 
from previous embodiments of the transistor. 

[0032] As shown in FIG. 12, a semiconductor wafer 500 having a 
substrate 512 is provided. Then, a first doping region of 
N-type 514 and a second doping region of P-type 516 are 
formed on the substrate 512. The second doping region 
of P-type 516 could include two heavy doping regions of 
P-type 517. A plurality of isolated structures 518are 
formed on surfaces of the first doping region of N-type 
514 and the second doping region of P-type 516. The 
second doping region of P-type 516 is used for defining 
the region of the collector region of the bipolar junction 



transistor. The second doping region of P-type 516 is 
surrounded by the first doping region of N-type 514 to 
isolate the second doping region of P-type 516 and avoid 
ions diffusing horizontally into other electrical elements. 
Isolated structures 518 could be formed by shallow trench 
isolation (STI) or by local oxidation of silicon (LOCOS). The 
isolated structures 518 define at least one predetermined 
region on the surface of the second doping region of P- 
type 516 to form a base of the PNP transistor. 
[0033] Next, an ion implantation process is utilized to form a 

third doping region of N-type 520 in an upper portion of 
the second doping region of P-type 516 for forming a 
base of the bipolar Junction transistor. According to the 
electrical requests of the manufacture or the doping con- 
centration requests of the manufacture for the implanted 
impurities, the ion implantation process for forming the 
third doping region of N-type 520could choose to simul- 
taneously implant the impurities with a source /drain of 
the CMOS process. For example, when the transistor 
needs to tolerate a higher voltage, the ion implantation 
process for forming the third doping region of N-type 520 
could simultaneously implant the impurities with a pro- 
cess for forming a lightly doped drain (LDD) and a source/ 



drain of the CMOS on the semiconductor wafer 500. Addi- 
tionally, the ion implantation process for forming the third 
doping region of N-type 520 also could simultaneously 
implant the impurities with a process for just forming a 
lightly doped drain (LDD) of the CMOS on the semicon- 
ductor wafer 500. Thus, the PNP transistor of the third 
embodiment of the present invention would have a nar- 
rower base width and a better unity-gain frequency (Ft). In 
addition, the present invention also could perform a mask 
process to form the third doping region of N-type 520 
and use a specific concentration of the implanted impuri- 
ties to perform an ion implantation process. Therefore, 
the PNP transistor could provide different breakdown volt- 
ages to optimize the electrical performance. 

[0034] Then, a first shielding layer 521 and a second shielding 

layer 523 are formed on the surface of the semiconductor 
wafer 500 to protect the CMOS transistor or other ele- 
ments on the semiconductor wafer 500. The first shield 
layer 521 comprises oxide and the second shield layer 
523 comprises silicon nitride. 

[0035] Next, as shown in FIG. 13, an opening 525 can be formed 
within the first shielding layer 521 and the second shield- 
ing layer 523 to expose a portion of the third doping re- 



gion of N-type 520. As shown in FIG. 14, a doping layer 
526 of P-type can be formed on a surface of the third 
doping region of N-type 520 with the removal of a portion 
of the first shielding layer 521 and the second shielding 
layer 523. The doping layer 526 is used for the emitter of 
the bipolar junction transistor. The doping layer 526 
would be made from epitaxy/ amorphous silicon/ polysil- 
icon. 

[0036] Next, as shown in FIG. 15, an SAB layer 527 can be formed 
on the surface of the portion of the doping layer 526 and 
a spacer 528 can be formed on the surface of the side of 
the doping layer 526. 

[0037] Next, as shown in FIG. 16, a self-aligned silicidation pro- 
cess is utilized to form a silicide layer including 530a on 
the surfaces of the doping layer 526, 530b (shown in 
Fig. 17), 530c on the surfaces of the heavy doping region 
of P-type 517, and 530d on the surfaces of the first dop- 
ing region 514. The silicide layer functions as contact re- 
gions of the vertical PNP transistor. FIG. 17 shows a top 
view of the metal contact region according to the third 
embodiment of the present invention. As shown in FIG. 17, 
the self-aligned silicidation process forms the emitter 
contact region 530a, the base contact region 530b, the 



collector contact region 530c, and the contact region for 
other electrical demands, as the contact region 530d on 
the surface of the first doping region of N-type 514 of the 
vertical PNP transistor. 

[0038] The present invention defines the position of the third 
doping region (the base) of the vertical bipolar junction 
transistor by isolated structures, defines the emitter of the 
vertical bipolar junction transistor by forming the doping 
layer on the surface of the substrate, and defines the con- 
tact region of the vertical bipolar junction transistor by a 
self-aligned silicidation process. 

[0039] Therefore, it is an advantage of the present invention that 
the many prior art doping processes and thermal pro- 
cesses which cause the problems about position control 
and control of the concentration gradient of the implanted 
impurities are eliminated. The present invention ensures 
high-precision position controlling of each element in the 
transistor, effectively simplifying the manufacturing pro- 
cess, and improving the electrical performance of the ele- 
ments. 

[0040] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the present invention. Ac- 



cordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended 
claims. 



